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SubstitutionElasticitiesin the Large-Scale
ManufacturingIndustriesof Pakistan
A. R. KEMAL*
This paperexaminesubstitutionelasticitiesbetweencapitalandlabourin
the manufacturingsectorof Pakistan. It is found thatwhereasthe substitution
possibilitiesbetweenthe capitalintensiveand labour intensivetechniquesof
productionareratherlimited,thesubstitutionpossibilitiesbetweenvariousactivi-
tiesdo exist. It is alsofound that changesin capital-labouratio havea signifi-
cantinfluenceon thesubstitutionelasticityandassuchCES estimates,in general,
arebiased.
Factor-marketdistortionsin Pakistanhavereducedwelfareby inducing
'wrong'specialisationandthe adoptionof capital-intensivet chniquesill-suited
to thecountry'sfactorendowments.Theseconsequencesof factor-marketdistor-
tions are importantbecausecapital-intensivet chniquesof productionand/or
capital-intensiveactivitiescreatefarlessjobopportunitiescomparedtothesituation
in whichlabour-intensivet chniquesof productionareemployedand/orcountry
specialisesin thelabour-intensiveactivities.Theremovalof suchdistortionsshould,
therefore,enhancesocialwelfareby promotingahighergrowthrateofGNPandby
easingtheunemploymentproblem.Thusasystematicexplorationof thepossibili-
tiesof factorsubstitutionshouldbeofconsiderablesignificanceforeconomicanaly-
sisandpolicymaking.If theelasticityof substitutionis large,asmallreductionin
therelativepricesof labourwouldleadtoa rapidgrowthof employment.Onthe
otherhand,if it is low,theremovalof distortionsfromthefactormarketwill not
havemucheffectonthechoiceof productiontechniques.Moreover,evenif thesub-
stitutionelasticityis lowfor eachindustrybutissignificantlyhighforthemanufac-
turingsectorasa whole,theappropriatechangesin factorpriceswouldleadto an
increasein welfareby inducingspecialisationi therightdirection.Furthermore,
a lowsubstitutionelasticitywouldimplyaratherlimitedchoicebetweenproduction
techniques,andassuchit will highlight~heimportanceandneedofdevelopingnew
andappropriatetechniques.In viewof theseconsiderations,theimportanceof
determiningthemagnitudeof therelevantelasticitiesofsubstitutionshouldbeself-
evident.
*The authorisChiefof ResearchatthePakistanInstituteof DevelopmentEconomics.He
is deeplyindebtedto ProfessorsSyedNawabHaiderNaqvi,A. K. SenandT. N. Srinivasanfor
theirhelpfulcommentson anearlierdraftof thepaper.
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In thisstudy,we shallestimatetheelasticityof substitutionfor 16different
manufacturingsectorsandfor thelarge-scalemanufacturingsectorasa wholein
orderto seetheroleof relativepricesininfluencingthespecialisationa dtheadop-
tion of productiontechniques.Weshallestimatetheelasticitiesby specifyinga
YES productionfunction.These stimatesarealsocomparedwiththoseobtainedby
specifyingtheCESproductionfunction.
Theplanof thepaperis asfollows.In thefirstsectionis reviewedthelitera-
turerelatedto theestimationof substitutionelasticities.In thesecondsection,
methodologicalnd dataproblemsarediscussed.The estimatesof substitution
elasticityarereportedin thethirdsection,andthencomparedwiththoseof other
developingcountriesin thefourthsection.Limitationof theanalysis,policyimpli-
cations,andmajorconClusionsaresummarisedin thefifth, sixthandtheseventh
sections,respectively.In addition,therearetwo appendicesin the paper. In
AppendixI arediscussedthegeneralconceptsof productionfunctionsandthe
elasticityof substitutionderivedfromthem.AppendixII presentsdetailedestimates
of theproductionfunction.
I. REVIEWOF THE LITERATURE
cross-sectiondatatheproductionfunctionmaynotevenbeidentifiedbecausethe
relativepricesarenotexpectedtovarysystematicallyor unidirectionallyacrossthe
firms;thedifferencesin theinputratiosacrossfirmsareduetofactorsotherthanthe
changesin relativepricesof inputs.In viewof theidentificationprobleminacross-
sectionstudy,wewilllimitourselvesinthisstudytothetime-seriesanalysisonly.
The estimatesof substitutionelasticitiesfor theotherdevelopingcountries
aswellasfor Pakistanhave,in general,beenobtainedby fittingCESproduction
functions,whichimplicitlyassumethatsubstitutionelasticitiesareunaffectedby
changesin capitalintensity.Hence,to theextenttheelasticitiesareaffectedby
changesin capitalintensity,estimatesobtainedthroughCES will bebiasedboth
upwardsanddownwards.HildebrandandLiu [9], Liu andFletcher[16],Yeung
andTsiang[24], Sato[22] andothershavedevelopedYES productionfunctions
whichallowtheelasticityof substitutiontovarywithchangesin thecapital-labour
ratios.Accordingly,YES productionfunctionsfor them~nufacturingi dustriesof
Pakistanhavebeenfittedto obtainestimatesof elasticitiesof substitution.This
analyticalstrategywill permitusto determinetheroleof inputpricesin theadop-
tion of capital-intensivetechniques.Elasticityestimateshavealsobeenobtained
by fittingtheCES productionfunctioneventhoughourmajoremphasisonthe
YES productionfunction.CESestimatesareusefulill thepresentstudy,firstly,
to seetheextentof biasin theelasticitiesof substitutionacrossdifferentindustries
dueto CES productionfunctions,and, secondly,to compareour resultswith
previoustudiesandthosefor theotherdevelopingcountriesforwhichonlyCES
estimatesareavailable.
To determinethepossibilitiesof substitutionbetweencapitalandlabourin
thedevelopingcountries,anumberof studieshavebeenm'ade- forexample,those
by Roemer[21],ReynoldandGregory[20],Katz [11],Sicat[23],Oyelabi[18],
HarrisandTodaro[8], DiwanandGujarati[7], Bruton[6], Rehman[19],Kazi
etal. [12],etc.l Theelasticitiesof substitutionhavebeenestimatedbyusingboth
thecross-sectiondataandthetime-seriesdata.Thesestudieshowthatthesubstitu-
tionelasticitiesfor individualindustriesaregenerallyowerthanthoseforthemanu-
facturingsectorasa whole,whilefor a numberof industriestheelasticitieshave
beenverylow,ofteninsignificant.Forexample,DiwanandGujarati[7] havefound
thatin 17outof the28 Indianmanufacturingindustrieswhichtheystudied,the
elasticitiesof substitutionwerenotsignificantlydifferentfromzero.Similaresults
havebeenreportedfor othercountriesaswell. In thecaseof Pakistan,theonly
relevantstudywasdoneby Kazietal. [12],whichshowedthatthepossibilitiesof
substitutionwereratherlimitedforPakistanaswell.
An interestingfindingof thesestudiesisthat,in,general,theelasticitiesof sub-
stitution,estimatedby usingtimeseriesdata,arelowerJhanthoseobtainedbyusing
cross-sectiondata. Theseresultsareplausiblebecauseof thedominanceof the
cyclicalphenomenona dthesimultaneitybetweentheinputsusedandtheoutputs
producedin an industry,the timeseriesestimatesof thesubstitutionelasticities
imparta downwardbiasto thesubstitutionelasticities.Ontheotherhand,forthe
II. METHODOLOGICALANDDATA PROBLEMS
lFor a comprehensivesurveyof substitutionelasticitiesin thedevelopingcountries,see
Bhalla[31.
SinceboththeCESandtheYES productionfunctionsarehighlynon-linear,
theycannotbeestimatedirectlyby theOrdinaryLeastSquares(OLS). However,
theymaybeestimatedirectlyeitherby non-lineartechniquesorbylinearisingthe
function.Alternatively,boththeCES andtheYES productionfunctionscanbe
estimatedindirectlyby postulatingtherelationshipthatmarginalptoductof labour
is equ~to wagesor thatthemarginalproductof capitalisequalto theinterestrate.
Becausethesemethodsarequitewellknown,weshalldiscussthemonlybriefly.
Non-linearmaximumlikelihoodestimatesof theCES productionfunction,
developedby BodkinandKlein [4], aretheestimatesobtainedthroughaniterative
processwhichminirnisestheerrorsumof squares.However,becausesuchmaximum
likelihoodestimatesare very sensitiveto the choiceof initial valuesof the
parametersandarefraughtwithcomputationaldifficulties,directestimationhasnot
beenusedin thisstudy. SeeNadiri,[1'7].
CESproductionfunctionmaybedirectlyestimatedafterlinearisingthefunc-
tion. FollowingKmenta[15],we obtainthefollowingrelationshipbyexpanding
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Ln(v/L)=LnAO + (vo)LnL + v(l-o)Lnk-~vp8(1-8)(Lnk)2 ..(1)
estimationis thatit doesnot requirecapitalstockdata,thecorrectestimatesof
whicharenotreadilyavailable.All it requiresi atime-seriesofoutputperlabourer
andthewages.However,therelationship(3)hasbeenderivedonthebasisof the
assumptionthatfactorandproductmarketsarecompetitive- whichisnotavery
realisticassumptionbecauseboththesemarketsufferfromvariousdistortions.
Thesedistortionsarepartlyinstitutionalndpartlydueto theprotectionandother
governmentpolicies.For imperfectmarkets,Katz [11]hasderivedthefollowing
relationshipbyassumingprofitmaximisation
CES productionfunctionaroundp =0
where
v = Valueadded,
L = Employmentcostatconstantpricesof1959-60,
K = Capitalassetsreplacement,i.e.valueofthefixedassets,
p = Substitutionparameter,
8 = Distributionparameter,
v = Scaleparameter,and
k = K/L.
(1+E )
Ln (v/L) = ao + (1- a)At + aLnW + aLn wL
(1+Epy)
.. (4)
where
Constrainingtheproductionfunctionto constantreturnstoscale,i.e.v=1,givesus
thefollowingrelation
EwL istheinverseofwage lasticityofdemandfor labour;and
E istheinverseof thepriceelasticityofdemandfortheproduct.py
Ln(v/L) =Ln/Ao+ At+ (1-8) Ln(k) - ~pHI-8) (Lnk)2 (2) Therefore,in a countrylike Pakistan,wheremarketsare imperfect,the
estimatesof substitutionelasticitiesobtainedthroughrelation(3)involvean assump-
tionthattheterm(1+EwL)I (1+Epy)'i.e.thedegreeof imperfectionsinlabourand
productmarkets,remainsconstantovertime. It maybenotedthatalthoughfactor
andproductmarketsin Pakistanaredistorted,yetthemagnitudeof distortionin
labourmarketrelativeto thatin capitalmarkethasnotchangedovertimein any
significantway,asshownby Irfan [10]. Thesameis trueof theproductmarkets.
It canbeassumedthatthedegreeof imperfectionsinlabourandproductmarketsin
Pakistanhasremainedconstantovertime,andequation(3)maybeusedforestimat-
ingsubstitutionelasticities.
For thevariablereturnsto scale2,thefollowingrelationcanbederivedfrom
theCESproductionfunction.
where
A =Technicalchange,and
t = Time.
Relations-(I)and(2)canbeestimatedby OLSandcoefficientsof Ln(k)and
(Lnk)2yieldtheestimateofp.
Assumingperfectlycompetitiveproductandfactormarkets,well-behaved
productionfunctionsandconstantreturnsto scale,differentiatingtheCESproduc-
tionfunctionwithrespecttolabour,andequatingthemarginalproductowages,we
obtainthefollowingrelation.
Ln(V/L) =ao+ (l-a)At + aLnW .. (3)
a
Ln(v/L) =aO+ (-) At + aLn W + bLnVI-a (5)
where
where a
Ln (vAO)-lIp (1- 8i
ao=~ Ln Ag (1-8)-1 and
1 + P
W =wagesperworker.
Therelation(3)maybeestimatedby theOLS ThecoefficientofLnWis the
elasticityofsubstitution.Therefore,weestimateelasticityofsubstitutionwithout
directlyestimatingtheCESproductionfunction.Theattractivef atureof indirect
a =
1 + a
2It maybe notedthatvariablereturnsto scaleareincompatiblewith the Euler theorem
and perfectlycompetitivemarket. However,in the presenceof imperfectmarketsin Pakistan,
theindirectrelationshipcanbederivedfor variablereturnsaswell.
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TheYES productionfunctionis alsonon-linearandisindirectlyestimatedby
assumingtheequivalenceof marginalproductandreturnsto thefactorof produc-
tion. Onthebasisof thisassumption,wegetthefollowingrelationship.
Ln 01/L) =a+bLnw+cLnk+dLnL+At (8)
However,we shallalsopresentestimatesobtainedthroughtheCES production
functionto determinethe degreeof biasin theseestimatesandto comparethe
elasticitiesof substitutionwiththoseinPakistanreportedin thepreviousstudiesand
thosein otherdevelopingcountrieswhichhavebeenobtainedonly throughthe
estimationof CESproductionfunction.
Elasticitiesof substitution,assumingboth the constantand the variable
returnsto scale,estimatedthroughtheYES productionfunction,arereportedin
Table1. It shouldbeevidentfromthetablethatelasticityofsubstitutionisstatisti-
callysignificantin onlyfiveoutof sixteenindustriesif constantreturnstoscaleare
assumed.Thisshowsthatthesubstitutionpossibilitiesbetweencapitalandlabourin
differentmanufacturingindustrieshavebeenratherlimited.If weallowforvariable
returnstoscale,elasticityturnsoutstatisticallysignificantinmoreindustriesbutstill
it is significantin lessthanhalfof theindustries.Theelasticitieswhichwereinsignif-
icantin thecasesof footwear,paperandpaperboard,printingandpublishing,rubber
andrubberproducts,non-metallicmineralproductsandnon-electricalmachinery,
whenconstantreturnsareassumed,turnout to besignificantwhenweallowfor
variablereturnstoscale.It maybenotedthattheelasticityof substitutionishighest
in.footwear.leatherandleatherproducts,printingandpublishingandthemiscel-
laneousindustries.Theseindustrieshaveagreatdevelopmentpotentialin Pakistan
andtheadoptionof appropriatet chniquescanhelpagr~atdealin theevolutionof
anefficientindustrialstructureinPakistan.
In Table2,wehavecomparedtheYES andtheCESestimatesofsubstitution
elasticities.It showssignificantdifferencesin theelasticitiesobtainedthroughthe
CESproductionfunctioncomparedto thoseobtainedthroughtheYES production
function.WhentheCESproductionfunctionis specified,substitutionelasticityis
statisticallysignificantin onlythreeindustries3whiletheelasticitywasstatistically
significantin five industrieswhenthe YES productionfunctionwasspecified.
Similarly,whenvariablereturnsto scaleandtheCES productionfunctionare
specified,thesubstitutionelasticitiesaresignificantonlyinfiveindustries;thecorre-
spondingnumberof industriesi eightwhenYES productionfunctionis specified.
~oreover,notonlythesignificancebutthemagnitudeof elasticityis alsoaffected.
Similarly,for thelarge-scalemanufacturingsectorasawhole,theCESproduction
functionleadsto a mis-specificationf theproductionfunctionto the extent
thattheestimatesarenotonlylowerbutalsoareinsignificantin theCESspecifi-
cation.Theseresultshowthatif theCESproductionfunctionisspecifiedweshall
erroneouslyconcludethatin anumberof industriesandthemanufacturingsectoras
awhole,thechangesinrelativepricesarenotgoingtoinfluencetheproductiontech-
niques.
Ln01/L) =a+bLnw+cLnk (6)
b
Elasticityofsubstitution
1- c(1+wl/rk)
The relation(6) is modifiedto (7) if Hicksneutraldisembodiedtechnical
changeisassumed
Ln=0I/L) =a+bLnw + cLnk + At (7)
Equation(7) maybeestimatedby OLS andband c maybeusedto estimatethe
elasticityofsubstitutionwhichvarieswiththechangesincapital-labourratios.
YeungandTsiang[24] havegeneralisedtheYES productionfunctionby
includingthelevelofemploymentasadditionalvariable,i.e.
wheredisthescaleparameter.
In orderto estimateboththeCESandtheYES productionfunctions,thedata
drawnfromtheCensusofManufacturingIndustries(CMI)havebeenadjustedforthe
non-responseandtheerrorsin theestimatesof capitalstock.Correctedandadjusted
figuresaretakenfromKemal[13,14]. It shouldbenotedthattheCMIdatasuffer
fromtheproblemswhichsuchdatain otherdevelopingcountriesalsosufferfrom-
e.g.in orderto avoidtaxes,theproducershaveatendencytounderstateproduction
andoverstatetheircostsof production.However,thereseemsto benoreasonto
believethattherehasbeenanysignificantchangeovertimein theunderstatement
of productionor theoverstatementof cost.Hence,thesedatacanconfidentlybe
usedtoestimatetheelasticitiesof substitution.
III. ESTIMATES OF SUBSTITUTIONELASTICITIES
In thissectionwereporttheelasticitiesof substitutionbetweencapitaland
labourin sixteendifferentmanufacturingindustriesandthemanufacturingsectorof
Pakistan. As pointedout in the introduction,substitutionelasticitiesarenot
generallyinvariantwithrespecto changesin thecapital-labourratios. Weshall
focusontheestimatesobtainedthroughtheYES productionfunctionwhichallows
for changesin theelasticitieswithrespecto changesin thecapital-labourratios.
3In orderto seeif therewereanydifferencesin theshort-runandthelong-runelasticities,
we specifiedNerlove'slaggedadjustmentmodel,i.e. theadjustmentis only partialduringa year.
However,the substitutionelasticitiesarenot muchaffectedandhaveremainedinsignificantin
mostof theindustries.
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Table1
Elasticitiesof SubstitutionCorrespondingto VES ProductionFunction
Nameof Industri~s
Food Manufacturing
TobaccoProcessing
Textiles
Footwear
Paper& PaperBoard
Leather.&LeatherProducts
PrintingandPublishing
Rubber& RubberProducts
Chemicals& ChemicalProducts
Non-MetallicMineralProducts
BasicMetals
MetalProducts
Non -Electrical Machinery
ElectricalMachinery
TransportEquipment
MiscellaneousIndustries
. Total:ManufacturingSector
* =Significantat5 percentlevel.
It shouldbequiteclearfromtheprecedingdiscussionthatthesubstitution
elasticitiesremaingenerallylow andinsignificantwhetherwe assumeconstant
returnsto scaleor thevariablereturnsto scale,whetherapartialadjustmentorthe
instantaneousadjustmentis postulatedwithinthe frameworkof boththe CES
productionfunctionandtheYES productionfunction. It followsthatthemere
removalof distortionsin factormarketsthroughappropriatechangesin factorprices
maynotbesufficiento inducea switch-overfromtheexistingcapital-intensive
techniquesto thelabour-intensivet chniquesof productionin mostof theindus-
tries,asdictatedby thepatternof factorendowmentin Pakistan.In addition,the
technologysetwill haveto besignificantlybroadenedto bringabouttherequired
changesin thelevelsof capitalintensityin eachindustry.However,it isnottosay
thattheremovalof distortionswill not playanyrolein increasingrossnational
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productin theabsenceof thedevelopmentof indigenoustechnology.Asamatterof
fact,becauseof thesignificantandquitehighelasticityof substitutionfor the
manufacturingsectorasa whole,changesin relativepricesof capitalandlabourwill
resultin reallocationof resourcesto labour-intensiveindustriesandthusinincreasing
thegrossnationalproduct.Thewelfarein thesenseof anincreasein outputper
capitawill beincreasedfurtherif thetechnologysetis broadenedandchangesin
relativefactorpricesleadtoadoptionof labour-intensiveproductiontechnique.
Table2
Comparisonof CESand VES SubstitutionElastici~yEstimates
Valueof Elasticity
WhenConstant WhenVariable
ReturnstoScaleReturnstoScale
areassumed areallowed
.1773 .1212
1.7429 -7.9464
.2520 .3914
-.0804 1.7063*
-.7284 0.1235*
2.6630* 1.6580*
-.6020 2.0207*
.5565 .7784*
.6030 .2984
04133 -.9000*
-04248 .1830
.5304* .1868
.3668 .0160*
.5568* -.1018
1.1189* - .2184
04030* 2.0230*
.6659* 0.8791*
Elasticitiescorrespond-Elasticitiescorrespond-
ingtoConstant ingtoVariable
Nameof Industries ReturnstoScale ReturnstoScale
CES YES CES YES
FoodManufacturing .864 .1773 - .0106 .1212
TobaccoProcessing 1.7161 1.7429 1.0517 -7.9464
Textiles .5189 .2520 .6046 .3914
Footwear 1.7516* - .0804 1.5457* 1.7063*
Paper& PaperBoard -;0512 -.7284 .5946** 0.1235*
PrintingandPublishing 2.6552* 2.6630* 1.9154* 1.6580*
Leather&LeatherProducts .5630 -.6020 04199* 2.0207*
Rubber& RubberProducts .7877 .5565 .3237 .7784*
Chemicals& ChemicalProds. .2943 .6030 .1182 .2984
Non-MetallicMineralProds. -.3956 .4133 .4873* -.9000*
BasicMetals .0550 -.4248 -.1458 .1830
MetalProducts .2099 .5304* .5445* .1868
Non.ElectricalMachinery .0790 .3668. .0072 .0160*
ElectricalMachinery .1427 .5568* .0963 -.1018
TransportEquipment -.1677 1.1189* -1.1307 -.2184
MiscellaneousIndustries 1.3724* 04030* 1.8455* 2.0230*
Total:ManufacturingSector.5824*** .6659* .5632*** .8791*
,
* = Significantat5percentlevel.** = Significantat 10percentlevel.
*** = Significantat 15percentlevel.
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IV. COMPARISON WITH SUBSTITUTION ELASTICITIES IN
OTHER COUNTRIES AND THOSE REPORTED IN
PREVIOUS STUDIES
It is interestingandusefulto comparethesubstitutionelasticitiesobservedin
Pakistanwiththoseofotherdevelopingcountries.Sinceestimatesforotherdevelop-
ingcountriesareavailableonlyfortheCESproductionfunction,ourcomparisonwill
berestrictedto theCESestimates.In Table3,wecomparetheelasticitiesofsubsti-
tutionbetweencapitaland labourin variousindustriesof Pakistan,Argentina,
BangladeshandIndia.
It maybeseenfromtable3 thatsubstitutionelasticitiesin generalarelow
in theothercountriesaswell.Thisshowsthelackofdevelopingindigenoustechnol-
ogiesin thedevelopingeconomies.
In Table4,wehavecomparedthesubstitutionelasticitiesof themanufactur-
ingsectorsof Pakistan,Argentina,ChileandIsrael.It showsthattheelasticityof
substitutionfor Pakistan'smanufacturingsectoris higherthantheelasticityfor
Argentina'sbut lower thantheelasticityfor Chile'sandIsrael'smanufacturing
sectors.It allshowsthatwhilethesubstitutionelasticitiesfor individualindustries
arelow,theyarehighandsignificantfor themanufacturingsectorasawholein the
developingcountriesandPakistanisnoexceptionto that.
Therehasbeenonlyonestudytoestimatesubstitutionelasticitiesfordifferent
manufacturingindustries,i.e.thestudyby Kazietal [12]. Resultsreportedin this
studyconfirmtheconclusionof thatstudythattheelasticitiesin thecaseof individ-
ualindustriesaremsignificant.However,theresultsof thetwostudiesdodifferfor
the manufacturingsectorasa whole. Whiletheresultsof [12] showa lackof
substitutionbetweencapitalandlabour,thepres~ntstudyshowstheexistenceof
substitJjtionpossibilitiesbetweencapitalandlabourin themanufacturingsectorof
Pakistan,thoughatthe15-percentlevelof confidence.Thedifferencein theresults
for themanufacturingsectorin thetwostudiesarisedueto differentimeperiods
andthedifferencesin thenatureof dataemployed.ThestudybyKazietal.wasfor
ten yearsoverthe periodfrom 1954to 1969-70whilethepresentstudyis basedon
datafor elevenyearsfrom1959-60to 1969-70. However,themerechangein the
twotime-periodsshouldnotmakemuchdifferenceandfor eachindustryresultsof
thetwostudiesarenotverydifferent.Themainfactorresponsibleforthedifference
in caseof themanufacturingsectorasawholeisthatthedatausedinthisstudyare
fullyadjustedforundercoveragewhilein [12]unadjustedataareused.Although
wagesandvalueaddedperlabourerforeachindustryremainmoreorlessunaffected
bytheadjustmentprocess,yetforthemanufacturingsectorasawholethewagesand
valueaddedperworkerchangesignificantlybecauseundercoveragevariessignifi-
cantlyacrosstheindustriesovertime. Therefore,theseadjustmentshaveledtothe
differencesin theresultsforthemanufacturingsector.
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Table3
Comparisonof SubstitutionElasticitiesfor DevelopingCountries
SubstitutionElasticitiesin
Nameof Industries
Pakistan Argentina BangladeshIndia
FoodManufacturing .09 0.28 0.37
Sugar - - -.24
VegetableOil .21
TobaccoProcessing 1.72 0.22* 0.60 -
Textiles 0.52 0.26* 0.34*
CottonTextiles 0.04
WoollenTextiles .06
JuteTextiles .44
Footwear 1.76*
Paper .05 0.21 0.48* 0.94
Printing& Publishing 2.66* 0.87* 0.50* -
Leather 0.56 1.00* 0.64* 0.07
Rubber 0.79* 0.16 0.36
Chemicals .29 .03 0.32*
Paints& Varnishes .19
Soap .26
Matches .38
Drugs .06
Non-MetallicMineralProducts -.40 -0.09 0.54
Cement 0.9752
Glass .0435
Ceramics .2594
MetalProducts .21 .1411
Non-ElectricalMachinery .81 .10 .53*
SewingMachines .02
ElectricalMachinery -1.3
ElectricLamps .66
ElectricFans
TransportEquipment
Bicycles -.17 .05 .38 0.05
Sources:Rehman[19],Katz[11],DiwanandGujarati(7).
* =Significantat5 percentlevel.
SubstitutionElasticitiesin ManufactUring 13
12 A. R. Kemal
Pakistan 1959-60to 1969-70 CES
YES
.58
.88
changedovertimein anysignificantway. Therefore,thebiasin theestimatesdue
to indirectestimationis notexpectedtobelarge.It maybepointedout thatthe
CESestimatesarealsobiasedto theextenthatelasticityofsubstitutionisaffected
by changesin capital-labourratios.However,thisnolongeris aproblemwhenwe
estimatetheYES productionfunction.
The estimationproblemsdiscussedabovearenot limitedjust to Pakistan.
All thestudiesonproductionfunctionsareconfrontedwithsimilarproblems.Never-
theless,eventhoughwefeelthattheelasticityestimatesarenotgoingtobeaffected
muchbytheseassumptions,weshoulddrawthepolicyimplicationsbykeepingthese
reservationsi mind.
Table4
Comparisonof theElasticitiesofSubstitutionof
ManufacturingSectorof theDevelopingCountries
Countries Period
Production
Function
Valueof
Elasticity
Argentina 1943to 1953
1954to1961
CES
CES
0.26
0.43
VI. POLICY IMPLICATIONS
Chile 1954to 1965 CES 0.21(Short-run)
0.76(Long-run)
Capital-outputratioin thelabour-surpluseconomyof Pakistanis oneof the
highestin theworld. Obviously,reallocationof resourcestolabour-intensiveactivi-
tiesanda switch-overto labour-intensivet chniquesof productionwill beinstru-
mentalboth in acceleratingthe growthand in improvingincomedistribution.
Generally,distortionsin factorpricesareblamedforhigherlevelof capitalintensity
in thedevelopingcountries.Hence,anappropriatechangein therelativepricesis
alwaysrecommendedto reducecapitalintensityin thecountry.However,inorder
to understandtheproperoleof relativepricechangesin thechoiceof production
techniquesand activities,we mustknow the elasticitiesof substitutionin the
economy.Suchelasticitieshavebeenestimatedin thisstudyfordifferentindustries
andforthemanufacturingsectorofPakistanasawhole.
We havefound thatthepossibilitiesof substitutionbetweencapital-and
labour-intensivetechniquesof productionin mostof the industriesarerather
limited.However,thesubstitutionpossibilitiesbetweendifferentactivitiesdoexist.
Our findingthatthe substitutionpossibilitiesbetweenproductiontechniquesare
ratherlimitedin the caseof individualindustriespointsto thefactthata mere
removalof distortionswill not besufficiento bringaboutachangefromcapital-
intensivetolabour-intensivetechniquesof production.ThisresultreflectsPakistan's
heavydependenceon importsof capitalgeodsplusthefactthattheproduction
techniquessuitedto thefactorendowmentsof Pakistanhavenotbeendeveloped.
Theabsenceof thedevelopmentof appropriatetechnologiesalsounderscoresthe
factthatPakistanhasbeenunableto generatesufficientemploymentforthelabour
force. TheimportedtechnologiesarehigWycapital-intensiveandtechnicalchangeis
generallylabour-displacingwhichhasresultedin anever-worseningunemployment
problemindevelopingcountrieslikePakistan.
Fromtheabovediscussion,it followsthata loweringof capital-outputratios
throughadoptionof labour-intensivetechniquescanonlyberealisedif appropriate
indigenoustechnologyis developed.Theremovalof pricedistortionswillinducethe
Israel 1953to 1964Bruno'smodel 0.76
Sources:Katz [11], Behraman[2], Bruno[5] andthepresentstudy.
V. LIMITATIONS OF THE ANALYSIS
In thissection,weshalldiscusslimitationsof theanalysisandthedata.At the
veryoutset,wemaynotethattheexistingtechniquesfor estimatingelasticityof
substitutionsufferfroma numberof problems.BoththeCESandYES production
functionsare non-linear,and as suchcannotbe estimatedirectlyby linear
regressions.Thoughnon-lineartechniqueshavebeendeveloped,toestimatethese
functions,theseestimationproceduresareessentiallyiterative,andverysensitiveto
theinitialvaluesof theparameterschosen.Directestimationafterlinearisingthe
functionalsobiasestheestimatestowardsthevaluearoundwhichthefunctionhas
beenexpanded.Hence,indirectestimationusedinthisstudyremainsthebestalter-
native.Oneof theassumptionsunderwhichCESfunctioncanbeestimatedindirect-
ly is thatbothproductandfactormarketsarecompetitive,anunrealisticassumption
in thecaseof Pakistanwherebothfactorandproductmarketsarenotcompetitive,
and that eachfactorof productionis paidequalto its marginalproduct. By
postulatingimperfectmarkets,an indirectestimationtechniquehasbeenderived
by Katz [11],in which,in additiontowages,therelativedegreeof imperfectionsin
productandfactormarketsis alsoanexplanatoryvariable.However,asdiscussed
earlier,therelativedegreeof imperfectionsin productandfactormarketshasnot
.L
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flow of more resourcesinto developingappropriate indigenous technology.
However,for the developmentof indigenopstechnology,the changesin relative
prices,thoughnecessary,arenot sufficient. It followsthatthegovernmentwill have
to subsidisethetechnologicaldevelopment.
While changesin relativepricesmayleadto the adoptionof labour-intensive
productiontechniquesonly over the long run, the appropriatechangesin relative
priceswill immediatelyincreasesocialwelfarethroughbetterallocationof resources
amongstvariousactivities.Therefore,removalof distortionsfrom factorpriceswill
not only leadto anincrease"inwelfareoverlongrunby inducingthedevelopmentof
newtechnologybut overshortrun it will increasewelfarethrougha reductionin the
capital-labourratio by increasingthe shareof labour-intensiveactivitiesin the
totaloutput.
AppendixI
ProductionFunctionsandthe
Elasticityof Substitution
VII. CONCLUSIONS
Therearefourmostcelebratedproductionfunctions,viz. tnefixedco-effi-
cients,theCobb-Douglas,theConstantElasticityof SubstitutionandtheVariable
Elasticityof SubstitutionProductionFunctions.Theelasticityof substitutionis
zeroin theftxedco-efficientproductionfunctionandunityin theCobb-Douglas
productionfunction.Thesetwoproductionfunctionsare,therefore,notof much
interesto usin thepresentstudy.In theCESproductionfunction,theelasticityof
substitutionis invariantwith respectto changesin the capital-labourratios.
However,in theYES productionfunction,theelasticityvarieswithchangesin the
capital-labourratios.
In thepresentstudywehavefocussedonthreeissues.First,whetherpossi-
bilitiesof substitutionbetweencapita1-andlabour-intensiveproductiontechniques
in Pakistanexistor not? Secondly,whetherpossibilitiesof substitutionexist
betweendifferenttypesof activitiesor not? And, thirdly,whetherchangesin
capital-labourratioaffecttheelasticityofsubstitutionornot?
In thisstudywehavefoundthattheelasticityof substitutionbetweencapita1-
andlabour-intensivet chniquesin anumberof industriesi ratherlowandinsignifi-
cant. For example,in sugar,tobacco,textiles,andchemicals,whicharesomeof the
most importantindustriesin Pakistan,the possibilitiesof substitutionbetween
capitalandlabourarenegligible.For themanufacturingsectorasa whole,the
elasticityis highandsigniftcant.Therefore,changesin relativefactorpricesare
expectedto resultin a specialisationi labour-intensiveactivities,bettersuitedto
thefactorendowmentsofPakistan.Moreover,changesincapital-labourratiosaffect
significantlytheelasticityofsubstitutionandassuchtheestimatesobtainedthrough
CES productionfunctionarebiased. Therefore,we shouldconcentrateon the
estimationofYES productionfunction.
A comparisonof substituionelasticitiesfor themanufacturingsectorofPakis-
tanwiththoseof theotherdevelopingcountriesshowsthatthephenomenonf low
andstatisticallyinsignificantsubstitutionelasticitiesi notconftnedjusttoPakistan.
Theyarelow for mostof thedevelopingcountriesandtheestimatespresentedin
thisstudyareconsistentwith them. Thisstudyconfirmstheresultsof anearlier
studyfor Pakistanthatfor theindividualindustries,elasticitiesareinsignificantbut
in thecaseof themanufacturingsectorasa whole,theyareatvariancewiththe
earlierstudy.Thisstudyalsoshowstheexistenceof significantsubstitutionpossibil-
itiesfor themanufacturingsectorasawhole,whiletheearlierstudyconcludedthat
evenfor themanufacturingsectorasa wholethesubstitutionpossibilitiesdidnot
exist.Thepresentstudyhasclearlynegativedthatconclusion.
CESProductionFunction
TheCES productionfunctionwasderivedby Arrow,Chenery,Minhasand
Solow[1] fromthebasicrelationship;
LnVIL =a+bLn W (1)
Afterallowingfor disembodiedHicksneutraltechnicalchangeandthevariable
returnstoscale,wemaywritetheCESproductionfunctionas.
Vt =AoeAt[0 L~P + (1-0) K~P]-vip (2)
where
V =Valueadded,
L = Labour,
K = Capital, .
A = Rateof disembodiedHicksneutralTechnicalchange,
0 = Distributionparameter,
v = Economiesofscaleparameter,
P = Substitutionparameter,and
a = 111+pistheelasticityof substitution.
Subscriptt indicatestimeperiod.
In thecaseof constantreturnstoscale,wesetv=1,andrewritethefunctions
as
Vt =AoeAt [oL~P +'(1 - 0) K~P] -lip (3)
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Table1- Continued -
Coefficients Coefficient 00
Nameof Industries Intercept of of R2 R-2 F . Ratio D.W.
logW time
(1) (2) (3) (4) (5) (6) (7) (8)
PaperandPaperBoard 13.0139 - .0512 - 0.0737 .7864 .7330 14.73 .97
(3.4175) (1.0012) (3.1842)
PrintingandPublishing- 11.5630 2.6552 - .0258 .9110 40.96 1.51
(1.6251) (2.7832) (.06988) ;t.
LeatherandLeather 4.5774 0.5630 0.05380 .3067 .1333 1.77 1.10
Products (0.7718) (0.6760) (1.2407) [
RubberandRubber 2.0520 .7877 0.1032 .8372 .7965 20.57 2.68
Products (.6601) (1.8173) (2.6529)
ChemicalsandChemical 7.0487 .2943 .0140 .0117 - .2354 0.05 .92
Products (.8935) (.2795) (.03070)
Non-MetallicMineral 11.3914 - .3956 - .0211 .4822 .3527 3.72 2.25
Products (4.6502) (1.1687) (2.0826)
Table1- Continued
BasicMetals 7.5708 .0550 .0808 .6546 .5682 7.58 2.04
(0.9951) (.0516) (1.3634)
MetalProducts 6.4122 .2099 .0086 .3608 .1800 2.26 1.03
(3.5461) (.8168) (.5867)
Non-ElectricalMachinery7.4529 .0700 .01372 .3944 .2430 2.61 1.51
(1.8457) (.0137) (.5627) 0-.....
...
ElectricalMachinery 7.0227 0.1427 .0488 .4586 .3233 3.39 1.82 §'
(2.1987) (.3163) (1.4054) ......,'....TransportEquipment 9.4199 - .1677 .0119 .230 - .2213 0.09 1.18
.
(2.1274) (.2769) (.4261) S.
::s
Miscellaneous - 1.4819 1.3724 .06314 .8957 .8696 34.34 2.01 .§.r:;t;Industries (.0705) (4.5874) (4.4951) q.
TotalManufacturing 4.0902 .5824 .0175 .7458 .6823 11.74 1.77
Sector (1.3929) (1.4119) (1.0272)
!:5
Table2
Resultsof CESProductionFunctionIndirectlyEstimated
(VariableReturnstoScaleAssumed)
Dependentvariableislog 01/L)
Nameof Industries Intercept Log W Log V Time R2 R-2 F-Ratio D.W.
FoodManufacturing 3.4626 - .0106 .4375 - .0134 .7581 .6545 7.31 1.54 ;t:..
(.8044) (.0262) (1.3520) (.2616)
TobaccoProcessing - 18.2883 1.0517 1.8316 - .1961 .5372 .3389 2.71 1.60
[
(1.6699) (.8826) (1.9977) (1.0681)
Textiles .2041 .6046 .2739 - .0182 .6723 .5319 4.79 1.82
(.0338) (.8931) (1.0891) (4.092)
Footwear - 4.6019 1.5457 .1436 - .0458 .9079 .8684 23.00 1.65
(2.8397) (4.8926) (.8931) (1.7045)
PaperandPaperBoard - 7.8993 .5946 1.2507 - .2144 .9399 .9141 36.47 1.23
(1.4631) (1.5212) (4.2265) (5.9915)
Continued-
Table2- Continued
PrintingandPublishing -10.6618 1.9154 4.3738 - .0920 .9777 .9681 102.04 2.35
(2.7926) (3.5717) (4.5673) (3.7548)
1:eatherandLeather - 3.8376 .4199 .9664 - .1243 .9613 .9447 57.91 2.38
Products (2.2754) (1.9915) (1.0877) (6.3093)
RubberandRubber 18.2783 .3237 .6860 - .0421 .9376 .9108 35.04 1.53
Products (.0845) (1.0161) (3.3550) (.8348) <:t-o,....
::;.
Chemicals and Chemical 1.6490 .1182 .5524 - .0456 .7128 .5897 5.79 1.38 6'
Products (.3486) (.1943) (4.1340) (1.6617)
;::
o,.....
Non-MetallicMineral .5877 .4873 .4044 - .0710 .8298 .7569 11.38 3.14 ......
Products (.1821) (1.5602) (3.7813) (4.8665)
o,
S.
Basic Metal 2.3153 -.1458 .6454 .0014 .7986 .7123 9.25 2.60 ;::
(.3487) (.1669) (2.2372) (.0230) "i:
.....
MetalProducts - .2445 .5455 .3901 -.0625 .7685 .6693 7.75 1.27
(.1099) (2.8531) (3.5111) (2.7953)
Non-ElectricalMachinery 7.1794 .0072 .0771 -.0020 .4479 .2123 1.89 1.40
(1.7362) (.0121) (.8233) (.0623)
tV-
Continued-
---
Table2 - Continued
!::S
Nameof Industries Intercept LogW Log V Time R2 R-2 F-Ratio D.W.
ElectricalMachinery 5.2043 .0963 .2026 .0158 .4977 .2824 2.31 2.13
(1.2663) (.2054) (.7378) (.2754)
TransportEquipment .0948 - .1307 .8513 - .0782
.6318 .4740 '4.00 1.12
(.2374) (.3286) (3.4021) (2.4234)
Miscellaneous .9565 1.8455 .3085 .0820 .9096 .8708 23.47 2.18
Industries (.4446) (3.3907) (1.0384) (3.5761)
TotalManufacturing 2.4256 .5632 .1277 .0016 .7472 .6388 6.90
1.70
Sector (.2673) (1.2496) (0.1954) (.0189) [
Table3
Resultsof YESProduction"FunctionIndirectlyEstimated
(ConstantReturnstoScaleAssumed)
DependentvariableislogCV/L)
Nameof Industries Intercept Log W LogK/L Time R2 R-2 F-Ratio D.W. c:::-.....
(1) (2) (3) (4) (5) (6) (7) (8) (9)
'
...
§'
Food Manufacturing 6.0145 .1053 .1773 .0395 .7011 .5730 5.4722 1.23 .....
(1.0590) (0.2359) (.3774) (1.0159) ;:;.-.....
TobaccoProcessing - 2.23647 1.8396 1.7429 .3460 .3491 .0701 1.2513 1.56
S'
(.9895) (1.4083) (.9022) (1.4082) ::!.§,'"'"'
Textiles 3.2117 .3460 0.25198 .03016 .6540 .5057 4.4098 1.13
(.6430) (.4725) (.8689) (.8736)
'
Footwear 4.0936 1.7595 -.0804 - .0245. .9014 .8591 21.3203 2.17
(2.0114) (7.8520) (.5304) (2.4068)
PaperandPaperBoard 15.3963 .1896 - .7284 - . 0986 .8564 .7948 13.9118 1.40
(4.3018) (.2920) (1.8465) (4.0471)
N
W
Continued-
IVVI
Table3- Continued
Nameof Industries Intercept Log W LogK/L Time R2 R-2 F-Ratio D.W.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
PrintingandPublishing - 7.3840 2.7878 - .6020 - .0531 .9615 .9451 58.4195 2.58
(1.4245) (4.1517) (3.0358) (1.9364)
LeatherandLeather - 28.9050 2.0630 2.6363 .1311 .6318 .4740 4.0031 2.46
Products (2.0299) (2.3282) (2.4859) (2.855)
RubberandRubber - .6657 .4708 .5564 .0986 .8621 .8030 14.5871 2.38
Products (.1708) (.9211) (1.1248) (2.5616) ;to.
ChemicalsandChemical 1.8462 0.1564 .6030 - .0153 .2668-.0475 .848920.68
Products (.2310) (.1607) (1.5601) (.3622) [
Non-MetallicMineral 9.4186 - .6772 .4133 -.0218 .5859 .4099 3.3150 2.02
Products (3.4022) (1.7536) (1.3322) (2.2540)
BasicMetal 1.2214 .2293 - .4248 .0735 .6729 .5327 4.7996 1.96
(1.1387) ((2009) (.6259) (1.1723)
MetalProducts 2.3461 .15633 .5304 .0006 .5995 .4279 3.4926 1.87
(.9344) (.7136) (2.0425) (.5323)
Continued-
Table3- Continued
Non-ElectricalMachinery 5.1425 - .04918 .3668 .0276 .5477 .3539 2.8258 1.65
(1.2790) (.0914) (1.5404) (1.1377)
ElectricalMachinery 3.7310 - .0764 .5668 .0587 .7304 .6149 6.3213 0.97
(1.3770) (.2184) (2.8562) (1.9405)
TransportEquipment 1.3254 - .1515 1.1189 .05164 .3991 .1416 1.5498 1.92 <::>-(.2092) (.2984) (2.0932) (1.7097) ....
c'Miscellaneous - 5.56869 1.4007 .4030 .071959.9589 .9413 54.4027 2.45 ;:Industries (2.9593) (6.9696) (3.2801) (7.3399) ..,....
....TotalManufacturing - 1.5920 .4936 .6699 .03021 .9143 .8776 24.8924 3.31
.
S.Sector (6.6865) (1.919) (3.7096) (2.7600)
;:
.§,'"
!!;.
~Table4
Resultsof VESProductionFunctionIndirectlyEstimated
(VariableReturnsAssumed)
Dependentvariableislog(VIL)
Nameof Industries Intercept Log W LogKIL LogL Time R2 R- 2 F-RatioD.W.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
FoodManufacturing 7.4004 .0829 .1537 - .1003 .0500 .7030 .5050 3.55 1.22
;t.
(.7917) (.1678) (.2956) (.1960) (.7338)
TobaccoProcessing 17.4640 - 3.5746 - 6.3131 - 9.0964 .9862 .5739 .2899 2.02 2.23
[
(1.5530) (1.1000) (1.3056) (1.7795)(2.3539)
Textiles - 30.8861 1.4558 1.1844 1.4759 -.0991 .8884 .8139 11.94 2.80
(3.0630) (2.6834) (3.7303) (3.5494)(2.3524)
Footwear - 0.9161 1.7235 -.2122 -.2125 .0122 .9118 .8529 15.50 2.91
(.2127) (7.4014) (.9633) (.8415) (.2716)
PaperandPaperBoard 26.0329 -. 5011 - .4758 - 1.1644 .1269 .9381 .8968 22.71 1.68
(5.5832) (1.0526) (1.6189) (2.8126)(1.5469)
Continued-
Table4 - Continued
PrintingandPublishing - .0708 2.5353 - .8847 - .3256 - .0082 .9642 .9403 40.38 2.60
(.0057) (3.1748) (1.8565) (.6584) (.1113)
LeatherandLeather - 58.7037 3.2399 3.4444 1.7875 - .0800 .7299 .5498 4.05 2.88
Products (2.4354) (2.8335) (3.0659) (1.4763) (.5362)
RubberandRubber - 2.0794 .4788 .6043 .1264 .0830 .8629 .7715 9.44 2.37
<:>-
Products (.2406) (.8672) (1.023) (.1871) (.8884)
..
::to
g
c'
ChemicalsandChemical- 2.5554 .1687 .5856 .4574 - .0499 3.3937- .0107 .9735 .88 ;:(
Products (.2911) (.1765) (1.5417) (1.120) (.9661) (.3937) .....
5:...
,,'
Non-MetallicMineral - 3.5416 .1460 .6224 .5352 - .0998 .8266 .7110 7.15 2.27 ..s.
Products (.7228) (.3711) (2.7185) (2.8797) (3.5748)
;:(
.;,
BasicMetal 36.4702 .3523 - 2.3155 - 1.0546 .1411 .6896 .4826 3.33 1.70 '"'"
;::
(.7734) (.2886) (.6804) (.5682)(1.0374) ....
MetalProducts - 3.2600 .5016 .5226 .3227 -.0494 .7269 .5448 3.99 2.33
(.8088) (.7647) (2.2557) (1.6727)(1.3989)
Non-ElectricalMachinery .0056 - 0.5495 1.0326 0.3143 - .0067 .8536 .7559 8.74 3.05
(.0019) (1.5280) (4.3327) (3.5397) (.3786)
Continued-
- - -- - -
Table4 - Continued
N
R2 R- 2 F RatioD.W.
00
Nameof Industries Intercept Log W LogK/L LogL Time
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
ElectricalMachinery - 10.8960 .2542 1.0806 .8097 - .0708
.9322 .8871 20.63 1.62
(2.8991) (1.2393) (6.4305) (4.2273)(2.2068)
TransportEquipment - 43.6550 - .3964 3.5360 2.2635 - .0749
.6192 .3653 2.44 1.60
(1.8675) (.8693) (2.5637) (1.8620)(1.0295)
Miscellaneous 11.3102 1.4818 - .3992 - .8649 .0527 .9618 .9364 37.78
2.23
Industries (.4541) (6.1541) (.3363) (.6798)(1.7549)
;t>.
TotalManufacturing 10.3000 .3532 .2620 -.5575 .0798 .9355
.8926 21.77 3.23
Sector (1.1790) (1.3540) (.7799) (1.4056)(2.1926)
-
Table 5
Results of CES ProductionFunction Directly Estimated
(ConstantReturnsto ScaleAssumed)
DependentvariableislogCV/L)
Nameof Industries Intercept Log K/L 2 Log K/C Time R2 R-2 F -Ratio D. W. t>o...
-.
I::
(1) (2) (3) (4) (5) (6) (7) (8) (9) c';:s
FoodManufacturing - 22.6703 3.6910 -.7528 .0412 .733 .618 6.40 1.74 ..
5:
(.72) (.98) (.94) (1.20) ;;;...
s.
TobaccoProcessing 28.4189 - 2.7251 1.5589 .3974 .398 .140 1.54 1.75
;:s
(1.03) (.87) (1.65) (1.63) .§.I:i
Iii
Textiles - .1948 .9955 -. 2340 .0498 .831 .758 11.47 1.75 .
(.07) (3.12) (2.79) (5.47)
Footwear 11.5685 - .4005 .2408 .0176 .039 -.374 .09 1.67
(.74) (.20) (.21) (.41)
PaperandPaperProducts 15.1788 - .5728 - .0153 - .0930 .855 .792 13.72 1.27
(.15) (.05) (.Ol) (5.63)
t6
Continued-
- - - -
w-
Table5- Continued
Nameof Industries LogK/L2 R2
2
w
Intercept LogK/C Tirpe R- F-Ratio D.W.
0
(1) (2) (3) (4) (5) (6) (7) (8) (9)
PrintingandPublishing 13.7688 - .6319 -.0691
.0565 .872 .817 15.84 1.92
(3.92) (1.58) (.50) (3.09)
LeatherandLeather 5.9390 1.9966 - 1.0728 .0369 .767
.667 7.69 2.29
Products (1.06) (2.92) (3.56) (.90)
RubberandRubber 18.2881 - 1.3632 .5419 .1215 .847 .781
12.91 2.19
Products (.27) (.16) . (.26) (3.46)
ChemicalsandChemical - 144.3700 - 17.1307 - 2.8892 - .0245 .424 .177
1.72 1.16
Products (1.37) (1.45) (1.40) (1.18)
Non-MetallicMineral 6.3490 .2371 - .0196 - .0222 .422
.174 1.70 1.31
Products (1.67) (.58) (.45) (1.74)
BasicMetals 1.9035 - .7460 -. 2020 .0795
.683 .547 5.02 2.39
(.10) (.32) (.51) (3.19)
MetalProducts -211.7634 28.2624 - 10.4682 -.0125 .811
.730 10.03 1.78
(2.94) (3.05) (2.99) (1.22)
Continued-
Table5- Continued
Non-ElectricalMachinery .7013 (.8769) - .1735 .0502 .801 .715' 9.37 .99
(.31) (3.23) (1.59) (3.36)
ElectricalMachinery 5.7931 .2402 .03629 .0254 .547 .353 2.82 1.66
(0.11) (.04) (.02) (2.46)
TransportEquipment - 19.8548 3.1926 - .5141 .0545 .396 .137 1.53 1.93 "'"'"
(.26) (.35) (.23) (1.40)
...
c';:s
Miscellaneous - 4.6670 1.4869 - .2124 .0936 .680 .542 4.95 1.81
Industries (.18) (.45) (.36) (3.41)
'"...
5:...
(;;.
TotalManufacturing 10.7125 -.4200 .2778 .0530 .903 .862 21.77 2.31
'"
s.
Sector (1.76). (.57) (1.57) (7.94) ;:ss::
'"
i:....
~.9433 42.62 3.29
.9818 135.56 2.23
.8172 121.79 1.32
Continued-
- -~-
Table6
Resultsof CESProductionFunctionDirectlyEstimated
(VariableReturnstoScale)
Dependentvariableislog(yjL)
Inter- LogL
Nameof Industries cept LogL LogK LogK2 Time R2
(1) (2) (3) (4) (5) (6) (7)
FoodManufacturing 4.5921 - .1065 .7005 - .1744 .1156 .9579
(.6490) (.0266) (.1787) (.2130)(2.0026)
TobaccoProcessing- 25.31542 13.7452- 8.7882 4.35844- .0612 .9660
(1.8436) (3.7186) (3.9343) (3.8879) (.5442)
Textiles 5.0771 - .3643 - 2.2423 - .3110 .2572 .9891
(4.1710) (.2354) (1.5319) (.8483)(4.8454)
Footwear 5.8595 .9560 - .4110 .1127 .0885 .8903
(.8290) (.2274) (.1081) (.0453) (.5950)
R -2 F-Ratio D.W.
(8) (9) (10) ;to.
.9299 34.17 1.16
Table6- Continued
PaperandPaper 6.6589 2.0709 2.1085 - .5182 .0732 .9160 .8601 16.36 1.95
Board (.3900) (.2345) (.2403) (.3185)(1.0684)
Printingand - 15.1530 - 14.2790 15.0734 - 5.1169 .0654 .9866 .9777 110.56 1.23
Publishing (1.9253) (1.8257) (1.9934) (2.0001)(1.1828)
LeatherandLeather- 20.34461- 24.5235925.9374 - 9.6573 -.0768 .9137 .8561 15.88 2.35
Products (1.5178) (2.3802) (2.4309) (2.6087) (.6397)
s::
...s::
Rubberand 2.2150 4.9771 20.10 2.31
..
- 3.7418 1.1721 .0931 .9306 .8843 c';:
RubberProducts (.2499) (5.2807) (.4018) (.5028) (.9654)
....
Chemicalsand 8.09 0.93
5:
-17.7899 - 6.4574 7.8248 - 1.2687 -.0462 .8436 .7394 ..ii>'..
ChemicalProducts (.4618) (.28988) (.3602) (.3343)(1.1293) S.
;:
Non-MetallicMineral - 5.1427 1.0520 0.5028 .0303 -.1 064 .9888 .9813 131.94 2.84 .§,'"
Products (3.2657) (4.5963) (2.1797) (1.2523)(5.0868)
'"
.
BasicMetals 26.0573 - 1.2401 - .1649 - .5886 .2237 .9238 .8731 18.19 2.32
(1.7656) (.1687) (.0257) (.2965)(2.1319)
MetalProducts - 20.7086 - 25.0013 25.9331 -9.6147 - .0039 .9896 .9826 142.23 1.99
(2.1006) (2.0154) (2.1025) (2.0572) (.2183)
Continued- ww
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IntrafamilyInteractionandDesired
AdditionalFertilityin Pakistan:
A Simultaneous-EquationModelwith
DichotomousDependentVariables
18.
19.
20.
21.
M. ALl KHAN and ISMAIL SIRAGELDlN*
22.
23.
In this paperwe presenta methodologyfor incorporatingintrafamily
interactionin the desirefor additionalchildren. The latter is formalizedas a
dichotomousdependentvariable.Our methodologyinvolvesa generalizationof
thepartial-adjustmenthypothesisandan applicationof thetwo-stageestimators
proposedby Ma11ar[31; 32] andHeckman[20; 21]. We presentempiricalesti-
matesbasedon 1968datafromPakistan.
24.
1. INTRODUCTION
It is by nowa wellknownandstandardcriticismof theChicago-Columbia
approach[51] to fertilitythatit suffersfromtheassumptionof acommonutility
functionfor theentirehousehold.!BothNerlove[42]andGriliches[19]discuss
the conceptualdifficultiesinvolvedin tryingto formulatea utility functionthat
takesintoaccounthepreferencesof all thefamilymembers.An extendedfamily
system,asisprevalentin mostof theLDCs,furtheraggravatestheproblems.In this
paperwesuggestapossiblesolution.2
*
Dr. Khan is Professorin the Departmentof PoliticalEconomy,The Johns Hopkins
University,Baltimore,Maryland21218,whileDr. Sirageldinis Professorin the Departmentof
PoliticalEconomyandtheDepartmentof PopulationDynamics,Schoolof HygieneandPublic
Health,The JohnsHopkinsUniversity,Baltimore,Maryland21205.
This is an extensivelyrevisedversionof a paperoriginallycirculatedin March1979.The
authorsareindebtedto BarbDevaneyandLou Maccinifor commentsbasedona carefulreading
of the manuscript.They alsothankBruceHamilton,G. S. Maddalaand CharlesMallar for
referencesand helpful discussions. Final thanksto DaveBinko for excellentcomputational
assistanceand to S. H. H. Naqavifor invaluableeditorialhelp. Errorsare,of course,solelythe
authors'.
!See, in particular,Ryder [48], Nerlove[42], Griliches[19], Ben-Porath[4], Bean[2]
and Namboodiri [41] .
2Por preliminaryattemptsto tacklethisproblem,seeCochraneandBean[9] andKhan
andSirageldin[24].
